(dpp-BIAN)Mg(THF) 3 (1) (dpp-BIAN = 1,2-bis[(2,6-diisopropylphenyl)imino]acenaphthene) and (PhCOO) 2 react with splitting of the peroxide bridge and formation of the dimeric magnesium benzoate [(dpp-BIAN)MgOCOPh(THF)] 2 (2). The reaction of 1 with PhCOOH yields the dimeric magnesium benzoate [(dpp-BIAN)(H)MgOCOPh(THF)] 2 (3), whereas 1 and furanyl-2-carboxylic acid react with liberation of hydrogen and formation of (dpp-BIAN)Mg[OCO(2-C 4 H 3 O)] 2 Mg(dpp-BIAN)(THF) (4). Compounds 2, 3, and 4 have been characterized by elemental analysis, IR spectroscopy, and X-ray structure analysis, compound 3 also by 1 H NMR spectroscopy. The eightmembered metallacycles of the centrosymmetric dimers 2 and 3 are almost completely planar. The two magnesium atoms in 4 show different coordination spheres; one is surrounded by its ligands in a trigonal bipyramidal manner, the other one in a tetrahedral fashion. The Mg··· Mg separations in 2, 3 and 4 are 4.236, 4.296, and 4.030Å, respectively.
Introduction
Metal complexes with ligands which are able to adopt different valence states like 1,2-diimines, ketimines, and semiquinones (SQ) show quite specific properties, as for instance the reversible intramolecular metal-to-ligand electron transfer in transition metal complexes of o-benzosemiquinones (SQ) [1] or the reversible uptake of oxygen by triphenylantimony amidophenolate affording the endoperoxide (Scheme 1) [2] .
In the last few years, we reported on the preparation of alkali and alkaline earth metal complexes containing the diimine ligand 1,2-bis[(2,6-diisopropylphenyl)imino]acenaphthene (dpp-BIAN) in different oxidation states. Thus, the reactions of dpp-BIAN with lithium and sodium in diethyl ether afford mono-, di-, tri-, or tetraanions of the dpp-BIAN ligand depending on the ratio of the reactants and the reaction conditions [3] . The reactions of dpp-BIAN with magnesium and calcium produce complexes containing the ligand as dianion like in (dpp-BIAN)Mg(THF) 3 (1) and (dpp-BIAN)Ca(THF) 4 [4] . In the presence of AlX 3 , also alu-0932-0776 / 08 / 0200-0161 $ 06.00 © 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Scheme 1. Redox isomerism in transition metal SQ complexes, and reversible addition of oxygen by triphenylantimony amidophenolate. minum reacts with dpp-BIAN forming the complexes (dpp-BIAN) n− AlX m (n = 1, m = 2; n = 2, m = 1; X = Cl, I) in which the ligand adopts the oxidation state of a monoanionic radical or a dianion [5] . Furthermore, dpp-BIAN complexes of Al(III) [6] and Ge(II) [7] have been prepared by reacting aluminum and germanium halides with dpp-BIAN complexes of the alkali and alkaline earth metals.
These complexes of the main group metals can act as electron traps as well as electron providers. Thus, the single electron transfer from (dpp-BIAN)Mg (THF) 3 (1) to Ph 2 CO and 9-(10H)-anthracenone affords the dinuclear pinacolate and the quanthranyloxy derivative, respectively (Scheme 2) [8] .
Scheme 2. dpp-BIAN radical-anion derivatives of magnesium.
Also the reactions of 1 with EtX (X = Cl, Br, I) and Me 3 SiCl proceed with transfer of one electron from 1 to the respective reactant, producing ethyl and trimethylsilyl radicals which then attack the ligand. In the reaction with Me 3 SiCl, additionally the cleavage of a THF ring takes place (Scheme 3) [9] . These reactions proceed in the way of a 1,3-addition of the substrate to the C-N-M fragment of the magnesium complex. Whereas in the above cited reactions of 1 the dpp-BIAN ligand delivers an electron and becomes oxydized from the dianionic to the monoanionic radical state, the opposite process is observed when (dpp-BIAN) •− Mg(iPr)(Et 2 O) is dissolved in THF. The complex which is quite stable in hydrocarbons and diethyl ether decomposes in THF with reductive elimination of isopropyl radicals and formation of 1 [10] . Scheme 4 . Products of addition of CHacidic substances to the dpp-BIAN dianion in 1 (Ar = 2,6-iPr 2 C 6 H 3 ).
A further characteristic feature of compound 1 is its ability to add CH-acidic substances as for instance phenylacetylene [11a] and enolisable ketones [11b] and nitriles [11c] . The nucleophilicity of the nitrogen atoms of the dianionic dpp-BIAN ligand in 1 allows an easy uptake of the proton of the respective substrate yielding the corresponding alkinyl, enolate and keteniminate derivatives (Scheme 4).
In this paper we report on the reactions of 1 with benzoyl peroxide, benzoic acid and furanyl-2-carboxylic acid which again illustrate the different facets in the reactivity scale of 1 towards organic substrates. (2) proves this transfer of an electron from the dpp-BIAN ligand in 1 to the organic reactant according to the change in the oxidation state of the dpp-BIAN ligand from the di-to the mono-anion and the reduction of the peroxide to benzoate anions (Scheme 5). The dimeric complex 2 is sensitive against moisture and air, is only poorly soluble in diethyl ether, but moderately soluble in benzene and toluene, and melts at 157 • C without decomposition.
Results and Discussion
The reaction of 1 with one equiv. of benzoic acid in THF proceeds very smoothly at r. t. The reaction is accompanied by a change in the color of the solution from green-brown to deep blue, the color which indicates the formation of singly protonated dpp-BIAN ligands (Scheme 4). The isolation of [(dpp-BIAN)-(H)MgOCOPh(THF)] 2 (3) from diethyl ether as deep blue, almost black crystals confirms the formation of the amino-amido ligand (Scheme 6). Complex 3 is sensitive against moisture and air, and soluble in ethereal solvents and aromatic hydrocarbons. It is thermally stable up to 220 • C. In contrast to the above reaction, treatment of 1 with one equiv. of furanyl-2-carboxylic acid in THF does not cause a deep blue color of the reaction mixture, but a change in color from green-brown to grayish-green. Substitution of the solvent THF by benzene results in the formation of a red-brown solution, from which (dpp-BIAN)Mg[OCO(2-C 4 H 3 O)] 2 -Mg(dpp-BIAN)(THF) (4) crystallizes as red crystals, Scheme 7 . Reaction route for the synthesis of 4 (Ar = 2,6-iPr 2 C 6 H 3 ).
the color which proves the presence of mono-anionic dpp-BIAN radicals (Scheme 7). Complex 4 is sensitive against moisture and air, and only slightly soluble in diethyl ether, but moderately soluble in benzene, toluene and tetrahydrofuran. No decomposition was observed up to 210 • C.
Although the ESR signals of the paramagnetic compounds 2 and 4 are rather broad at r. t., their hyperfine structure, a quintet for both, reflects the coupling of the unpaired electron with the two 14 N nuclei of the radical-anionic dpp-BIAN ligand. The signal broadening may be explained by the fluxional behavior of the electrons associated with the carboxylate bridge-mode isomerization discussed below.
Molecular structures of [(dpp-BIAN)MgOCOPh (THF)] 2 (2), [(dpp-BIAN)(H)MgOCOPh(THF)] 2 (3) and (dpp-BIAN)Mg[OCO(2-C 4 H 3 O)] 2 Mg(dpp-BIAN)(THF) (4)
Crystals of 2, 3, and 4 suitable for single crystal X-ray diffraction were obtained from THF, Et 2 O, and benzene, respectively. Compounds 2 ( [12] presentation of the molecular structure of 2 (30 % probability ellipsoids; hydrogen atoms omitted for clarity). Selected bond lengths (Å) and angles (deg): [12] presentation of the molecular structure of 3 (30 % probability ellipsoids; hydrogen atoms omitted for clarity). Selected bond lengths (Å) and angles (deg):
89.05 (7) The results of the crystallographic structure determination of 4 proved that in contrast to the reaction of 1 with benzoic acid affording compound 3, the reaction with furanyl-2-carboxylic acid does not proceed with protonation of the dpp-BIAN ligand, but with formation of a dinuclear dpp-BIAN-coordinated magnesium furanyl-2-carboxylate accompanied by liberation of hydrogen. In contrast to 2 and 3, the coordination modes of the two carboxylate ligands in 4 are different (Fig. 3) . The geometry of the ligand arrangement around Mg (1) • ). The geometry of the ligand atoms coordinating Mg(2) is that of a tetrahedron. (2) distance (2.812(2)Å) suggests an interaction between these two atoms.
Probably due to the lower coordination number of Mg (2) The X-ray diffraction data also give information on the oxidation state of the dpp-BIAN ligand in 2, 3 and 4. According to the LUMO symmetry, the C(1)-N(1) and C(2)-N(2) distances should be elongated on going from neutral dpp-BIAN to its radicalanion and further to its dianion. On the other hand, the C(1)-C(2) bond length should decrease in the same order. In agreement with the expectations, the C-N bonds of 2 (C (1)-N(1) 1.340(6) , C(2)-N(2) 1.332(5)Å) and 4 (C (1)-N(1) 1.337(3), C(2)-N(2) 1.336(3), C(37)-N(3)  1.338(3), C(38)-N(4) 1.339(3)Å) containing radical anionic dpp-BIAN are longer than in free dpp-BIAN (both 1.282(4)Å) [14] , but shorter than in 1 (1.401(6) and 1.378(7)Å) [4] . Concerning the C-C bonds within the metallacycles it is to note that the C(1)-C(2) bond in 3 (1.403(3)Å) is shortened compared to the corresponding bonds in 2 (1.441(3)Å) and 4 (1.440(3) and 1.448(3)Å) showing a value close to that of the dpp-BIAN dianion in 1 (1.389 (7) 
Experimental Section
All manipulations were carried out in vacuum using standard Schlenk techniques. The solvents THF and benzene were distilled from sodium/benzophenone prior to use. Freshly sublimed benzoyl peroxide and furanyl-2-carboxylic acid were used for the reactions. The IR-spectra were recorded using an FTIR FSM-1201 spectrometer, the 1 H NMR spectrum of 3 using a Bruker DPX 200 spectrometer. Solutions of 1 were prepared as described below following the method given in the literature [4] and were used in situ. The yields of the complexes are calculated on the basis of the amount of dpp-BIAN used in the reactions.
(dpp-BIAN)Mg(THF) 3 (1) Magnesium shavings (2.4 g, 100 mmol) and I 2 (0.25 g, 1.0 mmol) were placed in a Schlenk-like ampoule (ca. 100 mL volume) equipped with a Teflon stopcock. After evacuation of the ampoule, THF (40 mL) was added by condensation and the mixture was stirred for 2 h. The MgI 2 -(THF) n formed and the solvent were separated by decantation, and the residual metal was washed with THF (40 mL). Then a suspension of dpp-BIAN (0.5 g, 1.0 mmol) in THF (30 mL) was added to the activated magnesium metal, and the mixture was refluxed. In the course of about 10 min, the reaction mixture turned deep green. The solution was then cooled to ambient temperature, decanted from the excess of magnesium and used in situ for the synthesis of 2, 3 and 4.
[(dpp-BIAN)MgOCOPh(THF)] 2 (2)
To the THF solution of 1, prepared as described above, 0.12 g (0. 
[(dpp-BIAN)(H)MgOCOPh(THF)] 2 (3)
To the THF solution of 1, prepared as described above, 0.122 g (1 mmol) of benzoic acid was added with stirring. The color of the reaction mixture turned from green to deep blue. After filtration of the solution, the solvent THF was evaporated in a vacuum and the residue was redissolved in Et 
(dpp-BIAN)Mg[OCO(2-C 4 H 3 O)] 2 Mg(dpp-BIAN)(THF) (4)
To the THF solution of 1, prepared as described above, 0.12 g (1 mmol) of furanyl-2-carboxylic acid was added with stirring. The color of the reaction mixture turned from green-brown to grayish-green. Then the THF was evaporated in a vacuum. Recrystallization of the residue from benzene (ca. 
Crystal structure determination
Crystals suitable for X-ray diffraction were obtained by crystallization from THF (2), diethyl ether (3), and benzene (4) . The data were collected using an Xcalibur S Sapphire diffractometer (Oxford Diffraction) at 150 K. The structures were solved by Direct Methods using SIR97 [15] or SIR2004 [16] and were refined on F 2 using all reflections with SHELXL-97 [17] . All non-hydrogen atoms were refined anisotropically and the carbon-bonded hydrogen atoms were placed in calculated positions using a riding model. SAD-ABS [18] was used to perform area-detector scaling and absorption corrections. The important parameters of the single crystals, the data collection and the refinement data of the structures are listed in Table 1. CCDC-655391 (2), CCDC-657435 (3), and CCDC-655392 (4) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from the Cambridge Crystallographic Data Centre via www.ccdc. cam.ac.uk/data request/cif.
